INTRODUCTION
Endoscopic management of sino-nasal disease is a technique that, whilst now an established part of subspecialty rhinologic practice, is still in its relative infancy. Over the past two decades, the role of endoscopes in the diagnosis and management of sino-nasal and anterior skull base neoplasms has expanded dramatically with endoscopic approaches becoming the gold standard for removal (1, 2) , with excision control rates comparable to the traditional open methods such as lateral rhinotomy and external frontoethmoidectomy (3) . Initially the endoscopes were utilized for detection and investigation of pathology as well as surveillance for post-operative tumour recurrence following traditional external procedures (4) . This later expanded to include resection in palliative scenarios, and for patients with benign tumours, most notably fibro-osseous lesions and inverted papilloma, with the latter first being reported by Waitz and Wigand (5) . As familiarity with endoscopic techniques increased, this was followed by resection of primary and recurrent malignant neoplasia (6) . Image guidance for sinus surgery is increasing in use globally (7, 8) although remains predominantly the realm of tertiary rhinology centres.
The reliability, accuracy and feasibility of using image guidance systems has developed alongside the endoscopic revolution (9) with both infra-red and electromagnetic systems evolving as technology improves. Roth et al. stated 2-3 mm as the achievable standard for accuracy in 1995 (10) and currently the accepted error margin for the electromagnetic system in use at St. Paul's Sinus Centre is below 2 mm. This error margin is dependent on the registration process (known as the fiducial registration error (FRE)) and is in line with the average FRE readings from the literature (11) . Although the issue of accuracy does have its limitations (12) , the availability of a three-dimensional visualisation of a sino-nasal tumour rather than just the two-dimensional endoscopic image can be invaluable, especially when neurovascular structures are adjacent to or involved in the tumour (13) .
The purpose of this study is to demonstrate the effectiveness of a computer-assisted endoscopic approach in achieving good long-term outcomes in the management of inverted papillomas at a tertiary referral centre. 
Objectives

METHODS
Study design
A retrospective review of case notes was performed for patients with inverted papillomas treated under the care of the senior author (ARJ) at St Paul's Sinus Centre between 2000 and 2008. For the purposes of looking specifically at patients with a complete 5-year follow-up, only the patients managed between 2000 and 2004 were considered. The key aspects identified in the notes were the site of the tumour, any recurrence including the timing, any morbidity and mortality and the need for any adjunct or substituted external approach to the endoscopic resection. The results below reflect on the practice of primary endoscopic resection of IPs as a preference with the use of computer navigation software in the operating theatre. At St Paul's Hospital, the system in current use is the GE Instatrak 3500 plus electromagnetic system 14. This system utilises a reference headset, which is worn by the patient during their CT scan and is then reapplied to their head once they are anaesthetised in the operating theatre. Calibration for a straight and 45° suction is performed on the headset transmitter at the beginning of the procedure; a 90° suction can be added and calibrated later if required. All patients have been followed carefully in the outpatient clinic where possible at 6 week intervals for the first year and then at 2-3 month intervals for successive years until 5 years after the last procedure.
Surgical techniques
Endoscopic adjuncts
With the primary goal of achieving a thorough surgical clearance endoscopically, we utilise several adjuncts involving either technique, instrumentation or both to involve a progressively larger resection as necessary to remove the tumour.
Trans-septal approach: This technique allows for a greater angulation when accessing IPs that arise anteriorly in the maxillary sinus. The maxillary sinus is first approached conventionally by performing a complete uncinectomy and making a wide antrostomy using a 30° endoscope. When it becomes apparent that an endoscopic medial maxillectomy will be required, the resection of the medial wall of the maxilla progresses anteriorly through the nasolacrimal duct. Although it is possible to use greater scope angulations, a greater degree of movement may be achieved by bringing instruments across from the other side of the nose. In this respect, a Killian's incision is made on the opposite side of the nasal septum and the mucoperichondrial flap is elevated for a few millimetres posteriorly to allow a staggered incision into the cartilage. An exit wound is then made though the mucosa on the opposite side staggered again posterior to the cartilaginous incision. Either one or both of the endoscope and any instruments can now be passed through this access pathway to visualise and operate in the anterior maxillary sinus. Obtuse angled instruments: 90° and 120° endoscopes and debriders are now available and can aid surgical access to the anterior and lateral maxillary sinus. They do, however, require a certain level of skill and dexterity to work at such angles from the plane of the instruments. Using one of these obtuse angled scopes can even be used in conjunction with the transseptal approach by bringing an instrument across the septum whilst holding the scope tip closer to the site of intervention.
Open adjuncts
Caldwell-Luc assisted: In our centre, this technique is the exception rather than the rule. Creating a small anterior window enough to allow and endoscope or drill tip into the maxillary sinus may be necessary where the above techniques are unable to allow or not suitable to facilitate adequate visualisation or surgical access to the anterior sinus wall. Osteoplastic flap -gull wing incision: This incision enables a superiorly based skin flap to be elevated and expose the frontal sinuses and may be useful where a small window is required to allow an instrument or endoscope to be passed from above whilst working from below. A limited incision may be used to enable a trephine rather than creating a more formal bony window. Figure 1 ). Open procedures utilised included the osteoplastic flap (n = 6; bicoronal and gull-wing incisions) and Caldwell-Luc assisted (n = 3), as well as the endoscopic adjunct of the trans-septal approach to the anterior maxillary sinus when undertaking an endoscopic medial maxillectomy and these are detailed further below (15) .
For the initial period of 2000-4 the recurrence rate following resection of IPs was 18 out of 41 (43%), with 3 patients requir- ing an open procedure (2 at revision, 1 prior to treatment at St Paul's Hospital). In this early cohort only 4 patients with recurrences were primary resections; the remaining recurrences occurred in patients (n = 14) who had had their initial surgery elsewhere (78%). Other noteworthy findings were that 2 patients had 5 revisions between them, 2 died of other causes before revision and 2 patients did not have revisions due to medical co-morbidity. From the 23 non-recurrences, 13 patients had their primary surgery elsewhere (56%). The difference in the rate for primary surgery versus revision surgery was not however significant (p = 0.27). The morbidity for these IPs is summarised in Table 2 .
Follow-up for IPs during the second period (2005-8) showed 5 recurrences to date in 4 patients at 1 month, 5 months, 6 months and in the fourth patient twice at 2 and 13 months. During this period, 4 open approaches were utilised for secondary management and only 12 patients were managed previously at another centre. This means that for this second period the recurrence rate to date is 4 out of 35 (11%). Immediate post-operative morbidity included the following: frontal sinusitis [1] , epistaxis [4] of which 1 case was returned to theatre twice, headaches/facial pain [2] , paraesthesia [2] and CSF leak [1] , which required a revision craniotomy (Table 2) . Persistent morbidity in this group included crusting [2] , mucocoele for mation [2] , CRS [1] and RARS [1] . With the two periods combined, the recurrence rate for 2000-8 was 22/76 (29%).
For all cases of IP managed during 2000-2008, when the primary surgery was performed at St Paul's Hospital, the mean time for recurrence was 12 months as compared to 8.5 months when the primary surgery was performed elsewhere (p < 0.001; Table 3 ). Overall the mean time for recurrence was 13.4 months and was shorter in the endoscopic group (11.1 months) than in the combined/open approach group (17 months). For managing the recurrences, an open approach was used in 3 cases (13%) and the remainder were managed endoscopically ( Figure 1 ).
Krouse Staging
The breakdown of cases by Krouse staging (16) is shown in Figure 2 , demonstrating that the majority of cases dealt with were stage 3 or 4 (86%). Table 4 summarises recurrences according to staging; the highest recurrence rate was seen in stage 1, where all the cases were IPs of septal origin. The stage 4 cases had the next highest recurrence rate at 71%. 
DISCUSSION
The timing of any recurrence is an important consideration in the follow-up of the patients post-operatively. The community served by St Paul's Hospital covers an enormous geographic area (Western Canada -British Columbia, Yukon, (Alberta, Saskatchewan, Manitoba), which means that patients may have considerable distances to travel for clinic appointments and are therefore at higher risk of missing them. Despite these challenges, the follow-up at our centre has been excellent.
In recent years, there has been a greater move towards endoscopic management of IPs but with ongoing concerns about incomplete excision, adjunct open procedures are often performed. Tufano et al. showed that an external endoscopic approach rather than a formal open procedure can yield good results in obtaining clearance of IPs (17) . Other centres have shown recurrence rates for endoscopic and open approaches to be equal in terms of recurrence rates (18) (Table 5 ).
Although our total figures do not currently match the recurrence rate for the endoscopic approach in the meta-analysis, our more recent figures are currently on a par with their 12% rate and we have a low rate for the open procedures, albeit with only a handful of cases. Based on the Krouse staging, our figures suggest a higher number of stage 3 and 4 tumours than other centres (19, 20) but with recurrence rates in the stage 3 cases showing very similar percentages (21) . Where other centres have demonstrated similar numbers of stage 3 and 4
tumours, there appears to have been a greater reliance on open procedures (3, 22) .
In 2005, Barzilai et al. discussed the rationale for using the Caldwell-Luc approach for maxillary sinus disease and incredibly reported higher numbers of cases for chronic rhinosinusitis than for inverted papillomas, however they did conclude that this approach should be reserved for IPs and fungal disease in the endoscopic era (23) . Lund sets out the case for selective use of appropriate techniques depending on the extent of the tumour but clearly shows an excellent example of the success of the endoscopic approach in her case series of 37 cases (24) . Furthermore, she makes the pertinent point that it is difficult to know the full extent of mucosal involvement until the time of surgery and so on this basis, patients should be counselled and consented for the possibility of an open adjunct procedure. The figures from our centre demonstrate that the maxillary sinus is the most common primary site for IPs accounting for 49%. These figures are however in disagreement with some authors including Alba et al. (25) who suggested the sphenoid sinus is rarely affected.
The technology for image guided surgery is continually improving with the latest generation of machines allowing fusion of CT and MRI images to give both the bony and soft tissue definition combination, which can be very useful in endonasal surgery for sino-nasal tumours (13) . It should always be clear, however, that no technological advances are any (38) 2006 61 10% 16 15% Baradaranfar (39) 2006 20 6%* 4 * Busquets et al. (40) 2006 28 11 1 0 Stange et al. (41) 2008 64 17.5% 16 20% Lee et al. (22) 2009 79 4% 11 21% Lawson (3) 2009 6 15% 17 43% Philpott et al. (42) 2009 69 32% 7 14% Busquets (MA) (40) substitute for good surgical skills in dealing with these cases. Specifically, meticulous surgical technique, anatomical knowledge and appropriate selection of instrumentation and approaches will help achieve a good outcome (13, 26) .
CONCLUSION
Endoscopic management of IPs can achieve good control of the disease and reduce the need for open procedures with their increased morbidity, and the use of computer navigation can be a useful adjunct. The role in the modern era for endoscopic resection of these tumours as the preferred approach is clear (27) and although there is a higher initial recurrence rate, these recurrences can be successfully managed endoscopically.
